One of the capabilities developed by bacteria is the ability to gain large fragments of DNA from other bacteria or to lose portions of their own genomes. Among these exchangeable fragments are the genomic islands (GIs). Nine GIs have been identified in Brucella, and genomic island 3 (GI-3) is shared by two pathogenic species, B. melitensis and B. abortus. GI-3 encodes mostly unknown proteins. One of the aims of this study was to perform pulsed-field gel electrophoresis (PFGE) on field isolates of B. abortus from Chile to determine whether these isolates are clonally related. Furthermore, we focused on the characterization of GI-3, studying its organization and the genetic conservation of the GI-3 sequence using techniques such as tilingpath PCR (TP-PCR) and restriction fragment length polymorphism-PCR (RFLP-PCR). Our results, after PFGE was performed on 69 field isolates of B. abortus from Chile, showed that the strains were genetically homogeneous. To increase the power of genetic discrimination among these strains, we used multiple locus variable-number tandem-repeat (VNTR) analysis with 16 loci (MLVA-16). The results obtained by MLVA-16 showed that the strains of B. abortus were genetically heterogeneous and that most of them clustered according to their geographic origin. Of the genetic loci studied, panel 2B was the one describing the highest diversity in the analysis, as well as locus Bruce19 in panel 2A. In relation to the study of GI-3, our experimental analysis by TP-PCR identified and confirmed that GI-3 is present in all wild strains of B. abortus, demonstrating the high stability of gene cluster GI-3 in Chilean field strains.
ican countries (32) . In Chile, the disease is spread mainly in the southern area, which has the largest livestock herds (21, 31) .
The genus Brucella shows a high degree of similarity among species (9, 25) . Based on DNA-DNA hybridization, it was proposed that Brucella is a monospecific genus and that B. melitensis would be the only species in the genus. The remaining species should be considered B. melitensis biovars (37) . The B. abortus genome consists of two circular chromosomes (18) , with 2,124,242 bp in chromosome I (Chr I) and 1,162,780 bp in chromosome II (Chr II). Altogether, these chromosomes carry 3,296 open reading frames (ORFs) that are annotated as genes, 2,158 on Chr I and 1,138 on Chr II (13) .
Bacteria, in the course of the evolution, have developed the ability to gain large fragments of exogenous DNA from other bacteria or to lose their own genome fragments, allowing their survival in new environments. Genomic islands (GIs) are found within these fragments (12) . These islands can encode metabolic pathways and/or virulence factors, providing new features that can transform a nonpathogenic bacterium into a pathogenic bacterium (12) . Nine GIs have been identified in B. melitensis, and two of them (GI-4 and GI-8) are missing in B. abortus (27) . Subsequent studies reported that of these nine islands present in Brucella, GI-1, GI-5, and GI-6 do not contribute to Brucella virulence (26) . On the other hand, GI-3, which is present in B. melitensis and B. abortus, both of which are pathogenic for humans, contains 29 genes, most of them with unknown function. GI-3 was characterized in two sequenced B. abortus strains, 2308 and 9-941.
Mancilla et al. (22) , in a previous study in Chile, compared the genotypes of B. abortus by IS711 restriction fragment length polymorphism analysis (RFLP). Apart from their work, there is little information about the genetic characteristics of the B. abortus strains infecting fields in Chile. Hence, in this work we performed pulsed-field gel electrophoresis (PFGE) and multiple locus variable-number tandem-repeat (VNTR) analysis with 16 loci (MLVA-16) on field isolates of B. abortus from Chile in order to determine whether these isolates were genetically homogeneous. Furthermore, we focused our work on the characterization of GI-3 to study the organization and the genetic conservation degree of the GI-3 sequence, using techniques such as tiling-path PCR (TP-PCR) and RFLP-PCR.
MATERIALS AND METHODS
Bacterial strains and culture conditions. A total of 69 isolates, collected between 1997 and 2008 by the Servicio Agrícola Ganadero de Chile (SAG) were obtained. They were recovered from milk samples and fetal remains, mainly from regions in southern Chile. Details about the bacterial strains used for this study are provided in Table 1 . B. abortus strains 2308, RB51, and 544 were included as references. All strains were characterized by classical microbiological methods as B. abortus biovar 1 and were cultured in brucella agar (Oxoid Limited, Cambridge, United Kingdom) at 37°C with 5% CO 2 .
PFGE. Genomic DNA (gDNA) suitable for pulsed-field gel electrophoresis (PFGE) was prepared according to the method described by Ridler et al. (30) , with some modifications. Briefly, B. abortus isolates were grown on brucella agar (Oxoid Limited, Cambridge, United Kingdom) for 48 h at 37°C with 5% CO 2 . The colonies were harvested into 3 ml of brain heart infusion broth (Difco Laboratories, Detroit, MI), and the optical density was measured and adjusted to 1.4 at 610 nm. A 100-l aliquot of cells was pelleted by centrifugation at 13,000 rpm for 5 min. Cells were washed once with 150 ml of Pett IV buffer (1 M NaCl, 10 mM Tris-HCl [pH 8.0], 10 mM EDTA [pH 8.0]) and then centrifuged and resuspended in 50 ml of Pett IV buffer. The bacterial suspension was mixed with 100 ml of 1% low-melting-point preparative-grade agarose (Bio-Rad Laboratories, Richmond, CA) and dispensed into plug molds. The agarose plugs were placed on ice for 1 h to solidify. The plugs were lysed overnight at 56°C in a buffer solution (50 mM EDTA [pH 8.0], 50 mM Tris-HCl [pH 8.0], 1% sodium lauroyl sarcosine) containing 1 mg of proteinase K (Sigma Chemical Company, St. Louis, MO) per ml. Following lysis, the plugs were washed five times for 1 h each time with 10 ml of TE buffer (10 mM Tris-HCl, 1 mM EDTA) on ice. A 3-mm slice of each plug was equilibrated in 100 l of XbaI restriction buffer (New England BioLabs, Beverly, MA) for 45 min on ice. The restriction buffer was removed and replaced with 100 l of fresh restriction buffer containing 30 units of XbaI (New England BioLabs, Beverly, MA). The plug slices were held on ice for an additional 45 min before an overnight incubation at 37°C. The macrorestriction fragments were separated by pulsed-field gel electrophoresis on a CHEF-DRIII system (Bio-Rad Laboratories, Richmond, CA) in a 1% agarose gel (pulsed-field certified agarose; Bio-Rad) in 0.5ϫ TBE buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA [pH 8.0]) at 6 V/cm and 14°C. Macrorestriction fragments produced with XbaI were separated according the method described by Ridler (30) , with ramped pulse times of 0.5 to 10 s for 24 h. The lambda ladder PFG marker and low-range PFG marker (New England BioLabs, Beverly, MA) were included as molecular size standards. Gels were stained with ethidium bromide, and images were captured under UV illumination, The macrorestriction patterns were analyzed visually using the criteria of Tenover et al. (35) .
MLVA-16 analysis. In addition to the B. abortus 2308, RB51, and 544 reference strains, MLVA-16 analysis also included the S19 vaccine strain and 67 field strains studied by PFGE (two strains could not be recovered). The genomic DNA was extracted from one loopful of bacterial cells grown for 48 h at 37°C with 5% CO 2 on brucella agar medium using the UltraClean microbial DNA isolation kit (Mo Bio Laboratories, Carlsbad, CA). We studied 16 locus grouped into three panels (panel 1, Bruce06, Bruce08, Bruce11, Bruce12, Bruce42, Bruce43, Bruce45, and Bruce55; panel 2A, Bruce18, Bruce19, and Bruce21; and panel 2B, Bruce04, Bruce07, Bruce09, Bruce16, and Bruce30). The selected primers and PCR amplification protocol for each of the loci comprising panels 1, 2A, and 2B were as described by Le Flèche et al. (20) and Al Dahouk et al. (1) , with the addition of Bruce19 in panel 2A. Briefly, the amplification was performed in a MyCycler thermal cycler (Bio-Rad) with an initial step of denaturation at 96°C for 5 min followed by 30 cycles of denaturation at 96°C for 30 s, annealing at 60°C for 30 s, and elongation at 70°C for 1 min. The final extension was performed at 72°C for 5 min. Products were analyzed by gel electrophoresis on a 3% standard agarose gel using 100-bp and 20-bp ladders (Fermentas, Lithuania) as molecular size markers depending on the tandem repeat unit length. Gel images and PCR product sizes were determined using Gel Compar II software (Applied Maths). Allele numbers were established according to product size ranges (see Table 3 ). Different alleles for each strain were represented as a numerical matrix, and a dendrogram was constructed using the unweighted-pair group method using average linkages (UPGMA) method and Treecon software version 1.3b (36) .
Data analysis. Polymorphism was quantified by the Hunter-Gaston diversity index (HGDI) (14) .
Genetic characterization of GI-3 by TP-PCR. A technique called tiling-path PCR scanning (TP-PCR), previously described by Ren et al. (29) , was used with some modifications. Briefly, the method consists of several interlocking PCRbased approaches able to characterize large genomic regions. A series of primers was designed to amplify fragments of ϳ5 kb spanning the region of interest ( Fig. 1 ) but also having short overlaps of a few hundred base pairs. The DNA sequences of the TP-PCR primers used to amplify regions of the GI-3 were designed using Primer 3 software on the basis of the sequence of chromosome I (GenBank accession no. NC_006932, B. abortus biovar 1 strain 9-941). The primer sequences are listed in Table 2 . Long PCRs were performed to amplify the region in question. Any negative results by long PCR for a given primer pair were followed up by amplification of the relevant short overlaps with the same primers and/or a deletion-scanning long PCR that employed primers flanking the lost segments. Long PCRs were performed in 50 l of reaction mixture containing 1 mM deoxynucleoside triphosphate (dNTP) mix, 10 pmol of each primer, 1.5 mM MgCl 2 , 1ϫ reaction buffer supplied by the manufacturer, 0.5 U of High Fidelity DNA polymerase (Fermentas Life Sciences, CA), and 5 l of DNA as the template. The genomic DNA was obtained with the UltraClean microbial DNA isolation kit (Mo Bio Laboratories, Carlsbad, CA). Long-PCR conditions were 30 cycles of 10 s at 94°C, 30 s at 62°C, and 10 min at 68°C, followed by a 10-min extension at 68°C. For short PCRs, each multiplex PCR assay was performed in 25 l of reaction mixture containing 1 mM deoxynucleoside triphosphate mix, 10 pmol of each primer, 2.0 mM MgCl 2 , 1ϫ reaction buffer (10 mM Tris-HCl, 50 mM KCl), 0.25 U of Taq DNA polymerase (Fermentas Life Sciences, CA), and 2 l of DNA as the template. The samples were amplified for 35 cycles, and each cycle consisted of 1.5 min at 94°C, 1.5 min at 64°C, and 1.5 min at 72°C. The PCR products were separated by electrophoresis in 1.5% agarose gels in a 0.5ϫ TBE buffer system for 2 h. Following electrophoresis, the gel was stained with ethidium bromide (1 g/ml) and photographed under UV light.
Restriction analysis of fragments generated by tiling-path PCR. DNA generated by tiling-path PCR of each fragment was digested with 10 U of restriction enzymes (Promega, Madison, WI) (AvaII to digest fragment A, EaeI to digest fragment B, BanI to digest fragment C, and BspHI to digest fragment D) and incubated at 37°C for 2 h according to the manufacturer's instructions. Restriction DNA fragments were separated by electrophoresis at 80 V in a horizontal 
RESULTS
PFGE analyses shows a low variability in the Chilean B. abortus strains. We analyzed a total of 69 field strains of B. abortus isolated from milk and fetuses by pulsed-field gel electrophoresis (PFGE) in order to elucidate the genetic diversity of the Chilean strains. We were able to see two patterns, consisting of about 20 or 21 bands with a size ranging from less than 48.5 to 242.5 kb. In this report, a gel with 6 strains (3 reference strains and 3 field strains) is shown ( Fig. 2A) . The most prevalent pattern was designated PFGE type A1 ( Fig. 2A , lane 3) and was the same as that of B. abortus biovar 1 strain 544 ( Fig. 2A , lane 1), being recognized in 67 of 69 isolates. Therefore, all of these 67 strains exhibited a genetic homogeneity that was independent of the city and period of isolation, suggesting that they were of a unique clonal origin. The second pattern was designated PFGE type A2 ( Fig. 2A , lane 5 and 6), and it was found in just 2 of the 69 isolates from southern Chile. PFGE types A1 and A2 could be differentiated by the absence of a 109-kb band and the presence of another 104-kb band in type A2, with this pattern being the same for strains RB51 and 2308 ( Fig. 2A, lanes 2 and 4) . The pulse times used were 0.5 to 10 s for 24 h at 6 V/cm, and these pulses resolved the larger restriction fragments, but RB51 and 2308 strain patterns were indistinguishable. Since RB51 and 2308 showed different rifampin susceptibilities, this feature allowed us to recognize both wild strains (rifampin resistant) as RB51 strains. Restriction analysis with XbaI showed a low variability among strains. These results are consistent with previous findings of other authors (13, 22) , However, the genetic homogeneity observed in most B. abortus isolates showed the need to complement this study with a methodology able to provide a higher resolution power, incorporating MLVA analysis and specifically MLVA-16 (comprising 16 loci). MLVA-16 has been shown to have good discriminatory power to determine genetic relationships among strains of the same species of Brucella (19) .
When the cutoff value was 51% similarity, cluster analysis of the VNTR data recognized one major group and two minor groups (clusters, I, II and III) (Fig. 2B) . When the 60% cutoff value was used, cluster I was divided into two groups, a larger one (named Ia) containing 45 out of 52 B. abortus strains and a minor group (named Ib) including 9 out of 52 strains, with 2 of them being reference strains (B. abortus 544 and S19). When the 80% cutoff value of similarity was applied, the dendrogram showed that subgroup Ia was subdivided into several other small clusters, with variable numbers of members. However, this cutoff highlighted the presence of one group of 11/52 strains of B. abortus, all of them isolated in the metropolitan region, which also contained two clonal strains (Fig. 2B, upper  dashed box) .
The MLVA-16 analysis allowed us to recognize a genetically abortus from animal reservoirs and reference strains 2308, 544, S19, and RB51. The last two strains are vaccine strains. All strains analyzed using panels 1, 2A, and 2B allowed us to distinguish three groups of genetically related strains in clusters I, II, and III (featured with different gray background intensities). The group that harbored the greatest number of field strains was B. abortus group I, which in turn is divided into Ia and Ib. Similarity cutoff values of 51%, 60%, and 80% are shown with vertical dotted lines. It is also possible to distinguish clonal strains (underlined) and reference strains (highlighted in bold). Each individual strain was coded as follows: Chilean geographic region/province. heterogeneous population of B. abortus, which could be grouped into three main clusters named I, II, and III. Group I contained the largest number of strains tested (54/71), with individuals from different regions of southern Chile, such as region XIV (11/54), region X (16/54), and region VIII (3/54). It is also possible to observe that a large group of strains in this group originated from the central part of Chile (metropolitan region, 22/54). These 54 field strains belonging to group I in turn could be subdivided into subgroups Ia and Ib. Subgroup Ia included representatives of all the above-mentioned regions, with four pairs of clonally related strains and each of them with a common geographic origin. We also observed that a large group of strains isolated in the central area of Chile (11/22) (Fig. 2B , upper dashed box) were closely related strains (Ͼ80% similarity), and the rest of them were related to different groups of strains isolated from southern Chile. In contrast, subgroup Ib (Ͼ60% similarity) included mainly individuals from the central area (6/22) (Fig. 2B , lower dashed box) and were genetically less related than those strains belonging to the metropolitan area of group Ia. Interestingly, in this group, there was one isolate from the south of Chile (region XIV) which was genetically more closely related to B. abortus reference strains 544 and S19 and in particular to S19, with more than 80% similarity. In summary, group I included most of the strains studied and could be subdivided into two genetically heterogeneous subgroups (Ia and Ib), with similarity higher than 60%. Only in subgroup Ia were there pairs of clonally related strains, with those bacterial isolates forming clusters mainly corresponding to the same geographic origin. Finally, two reference strains used in this study (544 and S19) were associated with group I (mainly Ib).
Cluster II includes strains from southern (regions VIII and X) and central Chile. It must be noted that this particular group was related to two other reference strains of B. abortus used in this study, strains 2308 and RB51. The number of strains grouped in cluster II was 8/71. The genetic similarities among cluster II strains were also higher than 60%.
Cluster III consisted of 8/71 B. abortus field strains isolates, all of them obtained only from the south of Chile, with similarities higher than 60%. Region VIII has a significant number of representatives (5/8). However, there were no clonally related strains. Finally, this study describes one isolate from the region XIV with a VNTR amplification profile completely different from those of the rest of the strains (1/71). Using MLVA-16, this strain showed a similarity of below 10% to the rest of the strains studied. This strain corresponded to the Sample 24_XIVRegion/Valdivia, and only the Bruce04 and Bruce19 loci were positive for PCR amplification. It was impossible to obtain amplification products for the rest of the loci analyzed.
The different allele sizes found at each locus are shown in Table 3 ; allele size is given in base pairs for the PCR product. There was little diversity in the loci studied in panel 1, with Hunter-Gaston diversity index (HGDI) values of less than 0.50 and loci such as Bruce06, Bruce11, Bruce42, and Bruce55 having values equal to 0.0. A similar result of little diversity was observed for panel 2A, in which only the locus Bruce19 was highlighted with an HGDI value equal to 0.71. However, the diversity results observed for panel 2B were promising for the analysis of B. abortus strains, where PFGE provided little resolution in establishing genetic relationships. In our study, the average HGDI value obtained was higher than 0.70, highlighting the diversity observed in the loci Bruce07, Bruce09, and Bruce30, with an average value close to 0.75. At the same time, we could see that in addition to the expected sizes of B. abortus amplification products used to characterize panel 2B, an average of four or five different alleles in the reference strain B. abortus 9-941 could be included (Table 3 ) (20). 
GI-3 is present in all isolated
Brucella abortus strains. In order to determine the conservation status of GI-3, we first performed in silico analyses of the region comprising GI-3 gene clusters and the neighboring region, available in the GenBank database, from genome sequences of chromosome I (accession no. NC_006932 for of B. abortus biovar 1 strain 9-941). Hence, 29 ORFs (BruAb1_0245 to BruAb1_0274) were included in GI-3. Based on this genomic sequence, we designed 5 pairs of primers for PCR amplification of 4 fragments (A, B, C, and D) of 4.3 to 7.7 kb ( Table 2) . Using the external primers neighboring GI-3 BruAb1_0244 (forward) and BruAb1_0274 (reverse), the presence of the island in the genome of the reference strain 544 and all field strains was verified. These results confirmed that all strains possessed the GI-3 gene cluster (data not shown).
To construct a complete tiling path through GI-3 and to determine the genetic organization within the island for the 69 strains, we used the TP-PCR method (29) , which exploits short-and long-PCR protocols; this method allowed us to construct a complete tiling path through the GI-3 gene cluster for 69 strains and for type strain 544. Initially, we confirmed that reference strain 544 possessed GI-3 gene clusters by short and long PCR, first amplifying ORFs BruAb1_0251, BruAb1_0256, BruAb1_0266, and BruAb1_0274 by short PCR (data not shown) and then amplifying fragments A, B, C, and D by long PCR. It was also detected by short PCR of gene BruAb1_0244, a neighbor of GI-3.
The next step was to amplify each of the 4 fragments (A, B, C, and D) in the 69 field strains. The result was that 100% of these B. abortus field strains studied (n ϭ 69) showed all genes within the island. In all B. abortus strains (69/69), fragments A, B, C, and D of the expected sizes (5,287 bp, 7,712 bp, 6,804 bp, and 4,312 bp, respectively) were obtained. These results confirmed that the complete GI-3 gene cluster was present in all strains sampled (69 of 69), independently of the city or their period of isolation. Figure 3 shows the products obtained for 5 strains chosen at random and the reference strain 544. This indicates that GI-3 is stable in the Chilean field isolates.
RFLP analysis of fragments generated by TP-PCR of GI-3 from all isolated Brucella abortus strains shows results similar to the B. abortus 544 banding profile. The next step was to characterize the degree of conservation of the structure of each constituent fragment of GI-3. For this, DNA generated by long PCR of each fragment (A, B, C, and D; 5,287, 7,712, 6,804 and 4,312 bp, respectively) from all 69 samples was digested using restriction enzymes AvaII for fragment A, EaeI for fragment B, BanI for fragment C, and BspHI for fragment D. The results of digestion were analyzed using gel electrophoresis (Fig. 4) . The banding patterns of restriction fragment length polymorphism (RFLP)-PCR for all fragments of the isolates were similar to each banding pattern of the B. abortus biotype 1. These results indicate once again that GI-3 is conserved in Chilean field strains.
DISCUSSION
The three analyses performed in this study revealed a very limited GI-3 diversity in the wild Chilean strains of B. abortus. Therefore, they allowed us to confirm the well-known lack of genetic heterogeneity of Brucella spp. and high degree of DNA similarity in Brucella, as previously reported (37) . Despite this, the addition of a fourth genetic methodology, the multilocus VNTR analysis with 16 loci (MLVA-16), to study the genetic relationships between B. abortus strains provided an adequate variability to improve the discrimination power and allowed the characterization of field strains. This allowed us to establish the genetic relationships associated with a particular geographic distribution. This finding becomes of great importance when the researcher wants to know the origin of the spread of a pathogen and also to determine whether a bacterium is imported from other geographic locations where it is endemic (19, 20, 22) . The first analysis in this study was to perform pulsed-field gel electrophoresis (PFGE) on 69 Chilean field strains of B. abortus to determine possible genomic variability among the isolates. It should be noted that this study is the first report of PFGE analysis of Chilean isolates of B. abortus. Genomic macrorestriction fingerprinting using PFGE considers the overall organization of the bacterial genome and may be an indicator of clonal origin and genetic relatedness by comparing DNA restriction patterns of the isolates among strains (35) . In this study, in order to determine possible genetic variability among the 69 analyzed strains from various regions of Chile, the endonuclease XbaI was selected because PFGE of genomic DNA digested with this restriction enzyme, which has infrequent cutting, has been used to discriminate among Brucella species (17) . Also, it supported the designation of additional genomic groups of Brucella (16) and allowed differentiation of the currently licensed B. abortus vaccine strain RB51 from other brucellae, providing easily distinguishable results (17) .
The PFGE patterns produced in the present study for the 69 strains digested with XbaI contained approximately 20 or 21 visible bands, with two distinct PFGE patterns. PFGE type A1 was the most prevalent pattern and was the same as that of B. abortus strain 544 biovar 1, being recognized in 67 of 69 isolates. This finding is not surprising, since in Chile and in countries such as the United States (2), Argentina (33) , and countries in Central America (23) , B. abortus biovar 1 was responsible for the greatest percentages of cases of bovine brucellosis. Our results also confirmed the report of Mancilla et al. on a previous study with Chilean isolates (22) . Pattern A1 showed no appreciable banding differences among the 67 isolates, indicating, according to the interpretive criteria of PFGE patterns published by Tenover et al. (35) , that these 67 isolates were genetically indistinguishable and therefore were clonally related.
The PFGE type A2 pattern was found just in 2 of the 69 isolates from southern Chile, and it was the same as the one described in previous studies corresponding to strain RB51 (17) . In this study, PFGE type A1 was different from PFGE type A2 by the absence of one band of 109 kb and the presence of one band of 104 kb in type A2. Therefore, according to the criteria of Tenover et al. (35) , the two groups would be closely related.
The differences in the patterns presented by these two strains correlated with their rifampin resistance, characteristic of strain RB51, confirming that they were closely related to RB51. RB51 is presently used in the national program in Chile to eradicate brucellosis, replacing strain S19, which was used from 1975 to 1995. The use of strain S19 decreased the disease prevalence in livestock from 7.5% to 2.5%. The use of vaccination with RB51, which started in 1996, together with appropriate management plans decreased the prevalence even further in Chilean herds, allowing some areas in southern Chile areas to be declared brucellosis-free zones (31) .
Summarizing the results obtained using the PFGE technique, the low genetic variability of Chilean B. abortus strains is confirmed. Although most genomes of the Brucella strains we studied were identified as members of the same clone and are identical or nearly so, several of them might have, based on the proposition by Jensen et al. (16) , different ancestries and be derived by horizontal (transmissible) transfer from other clones of the same or different species. This finding for Chilean (22) . Besides this, our goal of incorporating greater variability and discriminatory power was met by introducing MLVA-16 analysis (20) into the study. We were able to recover 67 of the 69 field strains studied by PFGE, and using MLVA-16 analysis we succeeded in resolving 52 genotypes, which were grouped into three genetically related clusters. At the same time, a greater diversity was observed by incorporating this methodology through the different variants of VNTRs associated with each locus. MLVA-16 allowed grouping of most B. abortus strains according to their geographic origin. These results allowed us to conclude that there is a large group of B. abortus strains (clusters I and II) that brings together strains from southern and central Chile, which can be differentiated by their geographic origin. Distinct is cluster III, in which all strains have their origin in the south of Chile and are less related to the reference strains 544 and S19 (cluster I) and 2308 and RB51 (cluster II). This very close genetic association between the reference strains used in this study was described by Mancilla et al. (22) using IS711-RFLP. In summary, our results on the diversity (HGDI) for each of those loci studied by MLVA-16 (panel 1, panel 2, and panel 2B) (Table 3) were similar to those previously described by other authors (10, 19) . Panel 2B contained those markers that displayed the greatest diversity and therefore would be those that also had a higher mutation rate (along with locus Bruce19 in panel 2A), all of them with HGDIs near or greater than 0.70. This observation would allow us to hypothesize that in the study of the genetic relationships among B. abortus field strains the power of discrimination of panel 2B would be enough to ascertain differences in bacterial strains defined as closely related or clonal by PFGE. However, we believe that a highly variable locus group, we might have the risk of erroneously defining all our strains as different or genetically unrelated, making us unable to establish relationships between them. From this point of view, we believe that the greater degree of conservation in the rest of those loci, with HGDI values of Ͻ0.50, allows us to provide the balance needed for this methodology to be a successful molecular tool with B. abortus field strains.
Finally we note that one of the strains studied (Sample 24_XIVRegion/Valdivia) amplified only 2 of the 16 loci studied (Bruce04 and Bruce19), showing only 10% similarity with the other strains, a situation that deserves further investigation.
Regarding the study of the genomic island GI-3, our experimental analysis by TP-PCR identified and confirmed that this island is present in all wild B. abortus strains, which demonstrated the high stability of gene cluster GI-3 in Chilean field strains. This might suggest that the island cannot be spontaneously separated from the genome. GI-3 is flanked by direct repeats of 18 bp (27) , and the low number of base pairs might explain the low mobility of this genetic element in wild strains, despite the fact that this island displayed characteristics typical of GIs (12) . The stability of GI-3 confirms, as reported by other authors, that the genomes of Brucella species are very stable and similar (37) .
We were also able to verify that GI-3 maintained its structure. When each of the 4 fragments constituting GI-3 was amplified by PCR from samples of genomic DNA from each strain of the collection, it was found that all strains under study generated an amplification product of the expected size for each of the fragments. These results indicated that the structure in the island was maintained. There was no evidence of large insertions or rearrangements within this cluster, allowing us to conclude that the island was preserved in the Chilean strains, independently of their sources and period of isolation.
Regarding techniques that allow us to discriminate different strains within a species, molecular techniques that have been applied to many organisms on the basis of their discriminatory capacity to fully differentiate species and biovars have not been able to be used for Brucella strains because of their high DNA similarity (37) . However, recently several molecular strategies have been described and employed in an attempt to find DNA markers for molecular identification and differentiation between Brucella species (39) and biovars (4, 7, 40, 41) . Among these techniques are the use of DNA markers detected by PCR on restriction endonuclease polymorphism of genes encoding the major outer membrane proteins of brucellae (7, 34, 38) . Other authors have analyzed insertion sequences, including IS711 elements, which had been described as a useful target for molecular characterization of Brucella species and biovars based on the number and distribution of copies within the bacterial genomes (3, 5, 6) . Recently Zygmunt et al. (41) examined the polymorphism of O-polysaccharide genes wbkE, manA O-Ag , manB O-Ag , manC O-Ag , wbkF, wbkD, and wbo (wboA and wboB) and core genes manB core . They reported that although most genes were highly conserved, species-and biovar-specific restriction patterns were found. In that study, after checking by TP-PCR that GI-3 was preserved and maintained its structure, the RFLP technique was applied to each of the 69 isolates of B. abortus. This technique was applied to characterize the degree of conservation of each of the fragments (A, B, C, and D) generated by TP-PCR, since there may be events such as simple mutations, deletions, or insertions which may not be noticeable by the prior technique. For this, the products A, B, C, and D were restricted with the AvaII (A), EaeI (B), BanI (C), and BspHI (D) endonucleases. It was observed that each fragment has the same cutting pattern presented by type strain 544, which would indicate to us again that GI-3 molecular structure would be preserved in the Chilean field strains.
